A lthough it is a curable disease, tuberculosis (TB) remains a major global health problem and the leading cause of mortality due to an infectious disease, with an estimated 10.4 million notifications and 1.8 million deaths in 2015. Pakistan ranks fifth among the countries with the highest TB burden. According to the World Health Organization's 2016 global TB report, the estimated TB incidence in Pakistan in 2015 was 510 000 cases (270 per 100 000 population), of whom 331 809 were notified, yielding a treatment coverage rate of 63%. 1 Approximately 4 million of the global estimated TB patients are missed from care, and Pakistan ranks third among the 12 countries that contribute 75% of missing TB cases, 2, 3 amounting to approximately 200 000 TB cases missed annually in the country. 4 There are many reasons why cases are missed: patients residing in communities with limited access to health facilities, patients reaching the hospital but not diagnosed, patients diagnosed but not registered, and patients diagnosed and treated in the private sector but not notified to the national TB programme (NTP). One of these reasons is pre-treatment loss to follow-up (LTFU), defined as 'any TB patient diagnosed but not initiated on treatment within a TB control programme setup'. 5 Such patients, if untreated or mismanaged, are likely to die and/or develop drug resistance and continue to transmit the disease in the community. 4, 5 It is of great importance to address this issue from both patient and public health perspectives.
Previous studies from Pakistan and elsewhere have reported pre-treatment LTFU rates ranging from 5% to 25%. [6] [7] [8] [9] [10] [11] These studies had limitations in that they included only those patients who were residing within the district and focused mainly on primary healthcare facilities. This is likely to underestimate the overall extent of the problem, as a large number of patients diagnosed in tertiary care hospitals are from outside the district, province or country, and the problem of pre-treatment LTFU is likely to be greater among these patients.
Balochistan, the largest province of Pakistan, occupying 44% of the country's territory (347 190 km 2 ), contributes 5% of the total population and approximately 5% of the country's TB burden. 20 As in other parts of the country, its tertiary care hospitals (TCHs) are the largest and best-equipped health facilities in the province. There is more potential for diagnosing smear-positive pulmonary TB patients in TCHs than in any other TB care facilities, 4, 12, 13 and pre-treatment LTFU among this group is a serious public health problem. Due to weak, suboptimal health services at the peripheral levels in the province, 20 the popularity of the TCHs and word-ofmouth referrals from previously treated patients, large numbers of patients from remote areas seek care at the TCHs situated in Quetta, the province's capital. Programmatic data from 2015 show that the three public sector TCHs contributed 26% of all TB cases notified to the provincial TB control programme. These data suggest that gaps exist between the number of patients diagnosed with TB and the number initiated on treatment.
The aim of this study was to assess the magnitude of pre-treatment LTFU among smear-positive pulmonary TB patients diagnosed in public sector TCHs and to identify associated sociodemographic factors.
METHODS

Design
This was a retrospective cohort study involving the review of routinely maintained programme records.
Setting
The study was conducted in Quetta, the capital city of Balochistan (population 9.6 million), 14 located in the north-western part of the province near the Afghanistan border. The study was carried out in three of the five public sector TCHs (Fatima Jinnah Chest and General Hospital, Sheikh Khalifa Bin Zayed Hospital and Bolan Medical Complex Hospital) that manage TB patients according to the NTP guidelines. The period of data review was January-December 2015. Data collection was undertaken from May to August 2016.
In the TCHs, presumptive TB patients are identified at the out-patient department based on their symptoms and sent to the laboratory for sputum smear examination using conventional light and/or fluorescence microscopy. 4 Two specimens are collected from the presumptive TB patient: a spot specimen on day 1 and a second early-morning specimen on day 2. Microscopy is performed on both samples by a trained laboratory technician on day 2 and the results are shared with the patient before the close of business on day 2. The results are recorded in a laboratory register (TB-04), and patients identified as smear-positive are referred back to the treating physician and/or TB DOTS focal point (a unit in the hospital managing TB patients) for treatment initiation and recording in the TB register (TB-03). Patients who do not return to collect the results, especially those diagnosed with smear-positive TB, are contacted by telephone, wherever available. The TCHs are linked to all of the TB care facilities of the province for pre-registration referral and transfer out of TB patients coming from other districts. Before registration, patients are offered a referral service by trained staff so that they can receive treatment in their home district, town or nearby facility. 12 Referred patients are provided with treatment doses for 1 week and a standard referral form with the contact details of the health centre (address and phone number), and are instructed to attend the centre to continue treatment. The referral form has two parts: the first, maintained at the health centre, is attached to the treatment card of the patient, and the second is shared with the monitoring officer of the NTP, who in turn facilitates the transmission of feedback to the TCHs.
Study population
The study population included all the smear-positive pulmonary TB patients aged 5 years diagnosed in 2015 by conventional light and/or fluorescence microscopy, regardless of sex and address, at the three TCHs participating in the study.
For study purposes, we defined 'pre-treatment LTFU' as any smear-positive TB patient who was diagnosed (as documented in register TB-04) but who had no documented evidence of treatment initiation (register TB-03) or referral by the censor date (31 January 2016). To assess treatment initiation, we first checked the TB-03 register and the referral for TB register maintained in the hospital. If the patient was missing from this register, we checked the treatment register of the other TB care facilities of the district and province using the patient's name, age and sex. If the patient was found in these treatment registers, he/she was considered to have started treatment. If not, he/she was classified as 'pre-treatment LTFU'. Patients who were referred out for treatment but who had no documented evidence of starting treatment in the destination TB care facility were also classified as pre-treatment LTFU.
Data collection and validation
The data were sourced from the TB laboratory registers (TB-04) and the TB registers (TB-03). Data were collected using a pre-structured data collection tool from May to August 2016. The outcome variable was 'pre-treatment LTFU', as defined above. Additional information collected, including TB number, patient name, sex and age, were used for tracing the patients' details in the TB treatment register. The distance of the patient's residence from the health facility was measured using Google Maps (Google Inc, Mountain View, CA, USA). Travel time was estimated by the principal investigator working in the provincial TB control programme, who was familiar with the setting. Factors associated with pre-treatment LTFU were determined using the χ 2 test and relative risk with 95%CI. Levels of significance were set at 5%.
Analyses and statistics
Ethics approval
Ethics approval was obtained from the Ethics Advisory Group of the International Union Against Tuberculosis and Lung Disease, Paris, France. Permission to use the data and local ethics exemption were obtained from the programme manager of the provincial TB control programme. As the study involved a review of records with no patient interaction, the need for informed consent was waived by the ethics committee.
RESULTS
A total of 1110 smear-positive pulmonary TB patients were diagnosed during the study period. The basic sociodemographic characteristics are summarised in Table 1 . Of these patients, 93% were diagnosed in Fatima Jinnah Hospital and 58% were females. The median age was 40 years (IQR 25-60) and only 2% of the patients were children (aged 15 years). While about half of the patients lived in urban areas and within the district, the rest came from rural areas and frequently out of the district. Some (2%) came from the neighbouring provinces (Sindh and Punjab), and about 3% came from neighbouring Afghanistan. 
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Pre-treatment LTFU in TB patients 23 hospital was 6 km (IQR 3-125); and the median time for travel by road was 0.5 h (IQR 0.3-2.0). A little over half of the patients had no access to a mobile phone. Among the 1110 patients diagnosed, 866 (78%) were documented to have started on treatment in the same facility and 12 were documented to have been referred out to another health facility, of whom 9 were started on treatment. A total of 235 (21.2%) patients had no documentation of treatment initiation or referral and were considered as pre-treatment LTFU (Figure) . Among those started on treatment, the median duration between diagnosis and treatment initiation was 1 day (IQR 0-3). Table 2 shows the factors associated with pre-treatment LTFU, which was highest in Fatima Jinnah Hospital followed by Bolan Hospital. There was no pre-treatment LTFU in Sheikh Khalifa Bin Zayed Hospital. Pre-treatment LTFU was associated with male sex, rural residence, residence outside the province or country, lack of access to a mobile phone and distance from the residence to the hospital.
DISCUSSION
About one fifth of the infectious, bacteriologically confirmed, smear-positive pulmonary TB patients diagnosed in the TCHs of Quetta, Balochistan, were lost to follow-up before starting treatment. This is higher than the rate of 10% reported in a previous study from Pakistan. 11 This could be attributed to the tertiary care setting in which we conducted the study, and the fact that we included all patients, including those residing outside the district, province or country.
The study has several strengths. First, it had a large sample size and covered the largest THCs of Quetta. Second, as it used routinely collected data, the findings reflect programmatic reality. Third, we adhered to the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) guidelines, including those for ethical considerations, for this study. 17 The limitations of the study include the fact that we relied on a review of programme records to assess pre-treatment LTFU and did not actively trace patients. Furthermore, it was not feasible to review the treatment registers of facilities situated outside the province and country. It is therefore possible that some TB patients might have been started on treatment elsewhere, outside the province/country, yet classified as 'pre-treatment LTFU'. As, however, these patients represent only 5% of all patients in the study, this factor is unlikely to have much bearing on the overall results. The other limitation is that we did not ascertain the exact reason for pre-treatment LTFU from the patient's perspective. This requires future study using qualitative research methods.
Based on our programme experience, we can, however, speculate as to the possible reasons for pre-treatment LTFU. The high rate of pre-treatment LTFU in the TCHs might be due to poor interdepartmental coordination, especially between the laboratory and the treatment focal points. 7 Other reasons could be inadequate counselling of identified presumptive TB patients by the 
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Pre-treatment LTFU in TB patients 24 laboratory technicians due to high workload; weaknesses in the pre-registration referral and feedback mechanisms; 12 and the nonuse of technology for real-time tracing of patients. Another possibility is that some patients might be receiving treatment in the private sector without being notified to the NTP. We identified several programmatically relevant factors associated with pre-treatment LTFU. One was the distance from the patient's residence to the TCH-the further the distance, the higher the rate of pre-treatment LTFU, especially for patients living outside the province or the country or living in rural areas. Having a mobile phone number was associated with a lower risk of initial LTFU, indicating that patients were more easily traced when their mobile phone number was properly recorded in the laboratory registers.
The results of this study have a number of implications for the NTP. First, pre-treatment LTFU is a major problem for TB control programmes, particularly when patients choose to seek care in the private health sector, where there is frequently no notification, quality control or treatment evaluation. 18 Strategies are urgently needed to improve the registration of all identified smear-positive TB patients at the same facility or to improve notification from the private sector. Second, the recording of certain fields in the laboratory registers, such as detailed addresses, telephone numbers and TB registration numbers, needs improvement. This will assist efforts in tracing and retrieval of pre-treatment LTFU TB patients. Third, the internal hospital coordination mechanisms and external linkage of the hospital to refer patients to peripheral TB care facilities need to be strengthened. 13 Fourth, the NTP's quarterly reports should include the number of pre-treatment LTFU smear-positive TB patients to improve the monitoring of both case finding and treatment results. 5 Fifth, we need both to strengthen the routine comparison of the laboratory and TB treatment registers in each facility and to consider linking the laboratory register electronically to the treatment register at facility and district levels, which would enable real-time tracing of patients. Finally, the quality of TB services at primary health centres should be improved to increase their utilisation by patients. 11, 12, 19 
CONCLUSION
In the TCHs of Quetta, Pakistan, the proportion of pre-treatment LTFU was very high. Strategies are urgently needed to improve the registration of these highly infectious patients on treatment to stop the further spread of TB in the community. 
Marco de referencia:
Tres hospitales de atención terciaria del sector público de Quetta, en la provincia de Balochistán del Pakistán, donde existen datos anecdóticos de un desfase entre el diagnóstico y el tratamiento de los pacientes con tuberculosis (TB). Objetivos: Evaluar la proporción de pérdidas durante el seguimiento antes de comenzar el tratamiento (falta de documentación de la iniciación del tratamiento o la remisión a otros centros en los registros de TB) de los pacientes con TB pulmonar y baciloscopia positiva diagnosticados en el 2015 y analizar los factores socioeconómicos determinantes. Métodos: Un estudio retrospectivo de cohortes a partir del examen de los registros de laboratorio y los registros de TB. Resultados: De los 1110 pacientes con baciloscopia positiva diagnosticados (58% de sexo femenino, mediana de la edad 40 años y 5% procedente de otra provincia o país), 235 (21,2%) se perdieron durante el seguimiento antes de iniciar el tratamiento. Estas pérdidas fueron mayores en los pacientes de sexo masculino; los pacientes que residían en zonas rurales remotas, fuera de la provincia o del país; y en las personas que no contaban con un número de teléfono celular. Conclusión: Cerca de un quinto de los pacientes con diagnóstico de TB y baciloscopia positiva se perdió durante el seguimiento antes de comenzar el tratamiento. Es urgente fortalecer el mecanismo de remisiones y de retroinformación de los resultados y mejorar la localización de los pacientes haciendo uso de la tecnología de la información. Se precisan nuevas investigaciones cualitativas que favorezcan la comprensión de las razones de esta pérdida durante el seguimiento desde la perspectiva de los pacientes.
